Abstract. The purpose of this study was to evaluate the merits of the sentinel node (SN)-navigated reduced gastrectomy (SNRG) procedure. The subjects (sT1N0) were divided into the SNRG group (n=34) and the GL group, that consisted of patients which underwent gastrectomy according to the Japanese Gastric Cancer Association guidelines (n=33). We compared the area of the resected stomach and evaluated their body weight changes, and the results of a questionnaire survey about postoperative symptoms, and nutritional effects by blood tests administered at postoperative months (POM) 3, 6 and 12. The median area of the resected stomach was 104 cm 2 in the SNRG group vs. 192 cm 2 in the GL group. The body weight loss ratio was -5.9±5.8 vs.
Introduction
Although a curative resection for gastric cancer is essential for improving the survival rate, such surgical procedures can cause persistent functional disorders and reduce the patient's quality of life. In addition, the pathological analyses of resected specimens have revealed that lymph node involvement is found in less than 20% of patients, and metastasis to the second tier lymph nodes is especially rare in patients with early gastric cancer in Japan (1) (2) (3) (4) . Recently, sub-total or total gastrectomy with a reduced lymphadenectomy, depending on the clinical and surgical findings, has been recommended in the guidelines for treating gastric cancer edited by the Japanese Gastric Cancer Association (JGCA guidelines) (5) . However, even such gastrectomies frequently cause postoperative functional disorders such as body weight loss, digestive functional changes, and nutritional disorders (6, 7) .
Since 2003, we have employed a partial or wedge resection of the stomach with the dissection of sentinel node (SN) stations, where SNs are distributed with negative sentinel node biopsies (8) (9) (10) . In these studies, SN-navigated reduced gastrectomy (SNRG) was considered to be safe and acceptable, although a long-term follow-up period is mandatory for all patients.
In the current study, we evaluated the clinical benefits with regard to the postoperative functional status after a partial or wedge resection of the stomach with SN-navigated lymphadenectomy during the postoperative period for up to 1 year, and the surgical outcome, including morbidity and mortality.
Subjects and methods
Since October 2003, we have performed an SN-navigated reduced gastrectomy with dissection of SN stations in patients with T1N0M0 gastric cancer with a tumor diameter of ≤4 cm (10) . We excluded patients who met the criteria for endoscopic treatment; those with a tumor with invasion limited to the mucosa, with a diameter of ≤2 cm, with a differentiated histology, and without ulceration, were excluded (5). We also excluded patients with a primary tumor that could not be resected with a safe margin preserving the pylorus. Barium radiographs, endoscopy, abdominal ultrasonography, and abdominal computed tomography were performed for preoperative evaluation. We informed eligible patients about the SN-navigated reduced gastrectomy with dissection of SN stations, as an optional procedure. Patients were requested to choose which procedure they wanted to be performed [SNRG or standard gastrectomy with lymphadenectomy following the JGCA guidelines (5)], in cases where the pathologic examination by frozen section revealed no metastasis in SNs. Thirty-seven patients received the SNRG with dissection of SN stations between October, 2003 and July, 2008 (SNRG group). Of these, 3 patients showed metastasis in SNs by frozen section evaluation, and underwent D2 gastrectomy during this period, and were thus excluded from this study.
Thirty-three patients served as historical controls from January 2001 to September 2003, who met the inclusion and exclusion criteria for SN-navigated surgery and underwent a standard gastrectomy with lymphadenectomy following the JGCA guidelines (5) (GL group).
We evaluated the area of the resected stomach and performed the questionnaire survey regarding the postoperative gastrointestinal symptoms and nutritional status by blood test up to postoperative month (POM) 12. This was a nonrandomized and retrospective study.
Surgical procedure. For the SNRG group, we detected the SNs during the surgery by the RI method ( 99m Tc-tin colloid) and the Dye method (ICG). When SNs were diagnosed as having negative cancer involvement by examination of intraoperative frozen sections, sleeve or wedge resection of the stomach with lymphadenectomy of the SN stations was performed according to the tumor location (10) . All resected specimen were confirmed to be free of cancer cells at the surgical margins by intraoperative frozen section examination.
For the GL group, a total, proximal, distal or pyloruspreserving gastrectomy with a lymph node dissection with D1 lymph node dissection according to the JGCA guidelines was performed, depending on the tumor location (5). D1 lymph node dissection was defined as the removal of perigastric LNs and LNs along the left gastric artery (station #7) or additional LNs along the common hepatic artery (station #8a) and/or LNs along the celiac axis (station #9) according to the depth, size, and the location of the tumor.
Measurement of the area of the resected stomach. A photocopy of the resected stomach, along with a ruler, was scanned and saved as a TIFF file. The area of the resected stomach was determined using the Scion Image for Windows software program (available at: www.scioncorp.com), which is based on the National Institutes of Health ΙmageJ software for Macintosh developed by Wayne Rasband.
Assessment of postoperative functional status. Questionnaires were administered regarding body weight and postoperative functional status, such as amount of oral intake, passage and reflux, the incidence of dumping syndrome, the digestive and excretory function, and the patient's general condition and satisfaction levels (Table Ι) . Questionnaires were performed at POM 3, 6 and 12. Those time points were chosen based on the usual follow-up schedule after gastrectomy to maximize compliance for the questionnaire and to compare other nutritional parameters at the same time. Nutritional parameters included the serum total cholesterol and albumin levels, total lymphocyte counts, and hemoglobin levels. Informed consent. The reduced surgery guided by SN biopsy reported in this study was reviewed and approved by the Institutional Review Board at the National Defense Medical College. Written informed consent was obtained from every patient before the procedures.
Statistical analyses. Data are expressed as the mean ± standard deviation and the median (range). The Mann-Whitney U test, Student's t-test, and the Chi-square test were used for comparisons between the two groups. A P-value <0.05 was considered to be statistically significant.
Results
Demographic data and surgical procedures. There was no significant difference in age, gender, tumor depth, histological type, tumor size, or tumor location between the two groups (Table II) . In the SNRG group, 9 patients underwent a partial gastrectomy and 25 patients underwent a sleeve gastrectomy with reduced lymphadenectomy including the SN station, while in the GL group 2 patients underwent a total gastrectomy, 8 patients underwent a proximal gastrectomy, 11 patients received a pylorus-preserving gastrectomy, and 12 patients underwent a distal gastrectomy with lymphadenectomy according to the JGCA guideline. The duration of the operation, estimated blood loss, postoperative hospital stay, and days until first post-operative oral intake in the SNRG group were significantly better than those in the GL group. With regard to postoperative complications, there were 2 cases of arrhythmia, 1 of gastric stasis, and 1 of anastomotic bleeding in the SNRG group, while there was 1 case each of arrhythmia, gastric stasis, anastomotic leakage, pancreatic fistula, and of wound infection (same case as the pancreatic fistula) in the GL group; there were no significant differences in the postoperative complications. None of the patients had developed recurrence or metastasis, or had died up until the time this manuscript was written.
Area of the resected stomach. We compared the area of the resected stomach between the two groups. The median area of the resected stomach in the SNRG group (104 cm 2 , range 6-208 cm 2 ) was significantly smaller than that in the GL group (192 cm 2 , range 75-454 cm 2 ) (Fig. 1) .
Body weight change. The weight loss ratio to the preoperative value (SNRG group vs. GL group) was -5.9±5.8 vs. -9.3±4.1%, -5.5±6.4 vs. -8.1±6.1% and -3.9±7.5 vs. -7.9±6.0% at POM 3, 6 and 12, respectively. There were significant differences between the two groups at POM 3 (P=0.01) (Fig. 2) .
Postoperative functional status. The percentage of the amount of the single oral intake to the preoperative value (SNRG group vs. GL group) was 74±18 vs. 66±17%, 76±16 vs. 70±14% and 81±16 vs. 74±12% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups (Fig. 3A) . There was, however, a significant difference in the frequency of the intake of meals per day between the two groups at POM 6 (Fig. 3B ). There were no significant differences regarding the passage of food, reflux, the incidence of dumping syndrome, digestive and excretory function, or general condition and the satisfaction levels of the patients (Figs. 4-7) . The percentage of the amount of the single oral intake to the preoperative value (SNRG group vs. the GL group) was 74±18 vs. 66±17%, 76±16 vs. 70±14% and 81±16 vs. 74±12% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. (B) Frequency of the intake of the meals per day. The percentage of intake times per day separated between 3 times and below, and 4 times and above (SNRG group vs. the GL group) was 42 and 58% vs. 29 and 71%, 56 and 44% vs. 17 and 83%, and 50 and 50% vs. 47 and 53% at POM 3, 6 and 12, respectively. There was a significant difference between the two groups at POM 6 (P=0.01). Figure 4 . Questionnaires about passage and reflux. The percentages of patients feeling food lying heavily on their stomachs or is hard-to-swallow separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. the GL group) were 100 and 0% vs. 76 and 24%, 93 and 7% vs. 94 and 6%, and 94 and 6% vs. 86 and 14% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. The percentage reflux separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. the GL group) was 83 and 17% vs. 82 and 18%, 80 and 20% vs. 78 and 22%, and 78 and 22% vs. 79 and 21% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. The percentage of vomiting separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. GL group) was 100 and 0% vs. 94 and 6%, 93 and 7% vs. 100 and 0%, and 94 and 6% vs. 93 and 7% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups.
Nutritional evaluation by blood test. No significant differences were observed in total serum cholesterol and albumin levels, or in the total lymphocyte counts between the two groups ( Fig. 8A-C) . The change in hemoglobin levels were -5.1±6.8 vs.
-5.6±4.3%, -2.8±7.0 vs. -6.0±8.0% and -1.1±7.9 vs. -6.4±6.5%, at POM 3, 6 and 12, respectively. There was a significant difference between two groups at POM 12 (P=0.02) (Fig. 8D) .
Discussion
In the present study, we demonstrated that the reduced gastrectomy with SN navigation was superior to the conventional gastrectomy on the basis of the JGCA guidelines in terms of length of postoperative stay, days until postoperative first oral intake, and short-term outcome, such as postoperative weight loss and hemoglobin levels, for early gastric cancer patients.
Malnutrition after gastrectomy is frequently serious, and body weight loss is one of the most common indicators of this problem (11) (12) (13) . This is especially true of patients who undergo a total gastrectomy, because they have a more dramatic loss of body weight than those who undergo a subtotal gastrectomy (11, 12) , and the recovery from body weight loss often requires several years (11, 12) .
Shibata et al (7) reported that the postoperative decrease in body weight at a mean of over 3 years was more than 6 kg both in the PPG and the conventional distal gastrectomy groups (7). In addition, Takahashi et al (14) reported that the wedge resection of the stomach for early gastric cancer was superior to standard distal gastrectomy in terms of changes in body weight and body fat mass. They found that the change in the volume of postoperative food eaten returned to close to the preoperative levels within a short period, and this observation suggested that the residual volume of the stomach affected the incidence Figure 5 . Questionnaires about the dumping syndrome. The percentage of early dumping syndrome separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. the GL group) was 100 and 0% vs. 100 and 0%, 100 and 0% vs. 94 and 6%, and 94 and 6% vs. 100 and 0% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. The percentage of late dumping syndrome separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. the GL group) was 100 and 0% vs. 94 and 6%, 100 and 0% vs. 94 and 6%, and 100 and 0% vs. 93 and 7% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. Figure 6 . Questionnaires about digestive and excretory function. The percentage of feeling about abdominal distention or flatulence separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. the GL group) was 75 and 25% vs. 75 and 25%, 67 and 33% vs. 69 and 31%, and 59 and 41% vs. 38 and 62% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. The percentage of diarrhea separated between once a/every other month and below, and once a/every other week and above (SNRG group vs. the GL group) was 100 and 0% vs. 88 and 12%, 87 and 13% vs. 87 and 13%, and 75 and 25% vs. 69 and 31% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. Figure 7 . Questionnaires about general condition and satisfaction level. The percentage of general health condition separated good, no opinion and bad (SNRG group vs. the GL group) was 92, 8 and 0% vs. 100, 0 and 0%, 93, 7 and 0% vs. 94, 6 and 0%, and 94, 6 and 0% vs. 79, 21 and 0% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups. The percentage of overall satisfaction level separated very good, good, no opinion, bad and very bad (SNRG group vs. the GL group) was 27, 27, 46, 0 and 0% vs. 13, 62, 25, 0 and 0%, 20, 20, 60, 0 and 0% vs. 17, 66, 17, 0 and 0%, and 20, 54, 13, 13 and 0% vs. 8, 59, 33, 0 and 0% at POM 3, 6 and 12, respectively. There was no significant difference between the two groups.
of postcibal syndromes. In this study, we demonstrated that the resected stomach area of the SNRG group was significantly smaller than that of the GL group, and the body weight rate change in the SNRG group was significantly milder than that in the GL group from early postoperative period. Taken together, these findings indicate that the size of the residual stomach was an important indicator of nutritional status.
There were no significant differences between the two groups in the percentage of single meal intake and the frequency of daily food intake except for POM 6 based on the questionnaire result (Fig. 3) . However, the body weight rate change showed a positive correlation with the percentage of single intake (r 2 =0.34, P<0.01) and negative correlation with the frequency of daily food (r 2 =0.19, P<0.05) at POM 3. We were unable to find an advantage for SNRG with regard to the passage of food, reflux, dumping syndrome, digestive and excretory functions, or the general condition and satisfaction level from the questionnaire survey. Both groups showed acceptable levels according to each symptom, thus an additional accumulation of cases and long-term observation are required to determine whether there is any significant benefit.
The reasons for postoperative anemia were explained by the fact that the decreased acid secretion in the remaining stomach caused a disorder of iron absorption in the upper small intestine. However, the blood tests did not always show an asiderotic anemia pattern. It must be considered that hemoglobin changes are one of the nutritional disturbances that occur with a deterioration in protein synthesis capability, although other blood data such as total serum cholesterol and albumin levels were not significantly different between the two groups. Ryu et al (15) reported that body weight, body mass index, triceps skin fold and midarm circumference were significantly reduced, but the total lymphocyte count, albumin, protein, cholesterol and serum iron levels did not decrease during the postoperative period (at POM 6 and 12) among gastric cancer patients, which was consistent with our results.
In conclusion, a reduced gastrectomy with SN-navigation has several advantages over conventional gastrectomy according to the current guideline in terms of postoperative functional disorders for at least 1 year after surgery, as well as positive impact on the length of postoperative hospital stay, and days until first postoperative oral intake, and it is therefore recommended that this procedure should be the standard treatment for early gastric cancer.
